Abstract
Introduction
One type of volcanic disturbance is pyroclastic flows (nuèes ardentes). Pyroclastic flows are hot turbulent gas and fragmented material resulting from a collapsed lava dome that rapidly moves down the volcanic slope and local people living near Mount Merapi named this phenomenon as wedhus gembel. (Dale et al. 2005a) . The phenomenon of Merapi-type nuées ardentes in Mount Merapi volcano affects its forest areas. Fire as an integral part of volcanic disturbance has shaped community composition in montane forests of Java. The intense heat (often more than 700 °C) released from nuées ardentes ignites wildfires.
Species establishment and composition changes is known as succession processes and volcanic disturbances can create this kind of processes (Walker & del Moral 2003) . Disturbance and recovery are 2 factors that play a significant role in the dynamics of a community and its species diversity (Connell & Slatyer 1977; Crain et al. 2008) . Establishment of invasive plant is interceded by disturbance (Hobbs & Huenneke 1992) . Disturbance and changes in plant communities have long been an interest among natural historians, foresters and ecologists (Smith 1914;  . Disturbance is a key process that can affect diversity levels and change the community (Hobbs & Huenneke 1992) .
McLean 1919)
Citing Finegan (1984) , Li et al. (1999) stated that many succession theories were based on intensive work in temperate forests. Gomez-Pompa and Vasquez-Yanes (1981) studied the succession that occurs in the tropics. However, their findings were based on the work on old fields and or in a lowland tropical forest. Other forest types such as volcanic tropical montane forest have received little attention (Tsuyuzaki & Hase 2005; Whittaker et al. 1999) . Furthermore, we are now acknowledging that 'one model fits all' is not appropriate for communities and ecosystems due to the complexity of the system (Hobbs et al. 2007 ). However, the scientific knowledge in this field is also inadequate, particularly in tropical montane forests, where scientific studies about the effects and the ecological consequences of disturbances at high-elevation are still scant (Horn et al. 2001) .
Groundcover vegetation as one component of forest ecosystem plays an important role in ecosystem function. Groundcover species are more sensitive to disturbance compare to trees species. Research on tree species structure and composition has been conducted widely in Indonesia such as in Bukit Soeharto East Kalimantan (Syaukani et al. 2005) . However, information regarding groundcover research following major disturbance is still scant (Sutomo et al. 2011) . The pyroclastic flows burnt area found in Mount Merapi is relatively young, with the last event occurred in 2010. The objective of this study was to describe the patterns of groundcover plant recovery in the early secondary succession stage of the burnt areas on Mount Merapi. Using site comparison approach, an area that was burnt by pyroclastic flows in 2010 (Kalikuning) and another area that is relatively intact or unburnt (Kaliurang) was chosen as study sites (Figure 1 ). The research questions were: 1 does species composition and diversity on the newly affected site is different with the intact site? 2 which species contribute most to the differences in composition between the 2 sites? The study provides information on dynamics of forest ecosystem during early secondary succession stage, which would be useful for managers working in the Mount Merapi National Park as a baseline data to consider when setting up reforestation and restoration program after volcanic disturbance.
The research was conducted in December 2011 to January 2012, approximately one year after the eruption and the research sites were located in the south-west flank forests of Mount Merapi, in the zone of the Mount Merapi National Park. Mount Merapi (7º35' S and 110º24' E) is administratively located in 2 provinces, Central Java Province (Magelang, Boyolali, and Klaten Districts) and Yogyakarta Province (Sleman District). In Yogyakarta
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Province, Mount Merapi is located approximately 30 km north of Yogyakarta.
Mount Merapi is representative of the landforms, soils, and vegetation on a volcanic mountain that typify a large portion of montane ecosystems in Java (Whitten et al. 1996) . Based on Schmidt and Fergusson's climate classification (1951) , the Merapi area is classified as type B (tropical monsoon area), which is characterized by a high intensity of rainfall in the wet season (November-March) with a dry season that can often be very dry without any rainfall (AprilOctober). Annual precipitation varies betwen 2,500-3,500 mm (BKSDA 2004) . The variation of rainfall on Mount Merapi's slope is influenced by orographic precipitation. As in many other tropical monsoon areas, there are minor temperature and humidity variations during the year. Relative humidity on Mount Merapi varies from 70-90%, with daily average temperatures is 19-30 °C (Forestry Agency DIY 1999) . Soils of the study area are mainly of young volcanic-ash origin (regosol) with shallow and/or deep, low to medium fertility solums with a profile not yet developed (Darmawijaya 1990; BKSDA 2004 ).
An area of ± 2.5 ha was chosen in each site. The 2 sites were located in a lower montane zone (Montagnini & Jordan 2005 
A. excelsa.
Fifteen circular plot 1 (5 m diameter) were sampled in each site (30 plots in total), assigned at random to grid cells on a map (Dale et al. 2005b) . Each plot was located in the field with reference to a compass and a handheld global positioning system (GPS) Garmin E-Trex Legend. Herbs, shrubs, and tree seedlings abundance were measured as density, a count of the numbers of individuals of a species within the circular plot (Kent & Coker 1992; Endo et al. 2008) . Local plant name and latin name, when known, was noted. Whenever there was any doubt about species name, a herbarium sample was made. Drying and sample identification were done in Dendrology Laboratory, Faculty of Forestry, Gadjah Mada University. Vascular plant nomenclature is based on Backer and van den Brink (1963) . Altitude was measured using a GPS and cross checked with 1: 25,000 topographic maps. A clinometer (Suunto PM-5 clinometer) was used to determine the slope (in degrees) (Le Brocque 1995) .
A modified importance value index (IVI) for each species was calculated by summing its relative density and relative frequency in each plot, following Rasingam and Parthasarathy (2009) . A modified family importance value (FIV) for each family was estimated as the sum of relative diversity and relative density of the individuals in that family. Species composition was compared among unburnt and burnt sites in order to examine the variation of undercover vegetation composition in response to pyroclastic fire.
The differences in community composition between deposits using data on species abundance (density) per plot were tested. The data was square root transformed (Valessini 2009 ) prior constructing resemblance matrix based on BrayCurtis similarity. Ordination diagram non-metric multidimensional scaling (NMDS) was then generated based on the resemblance matrix to show grouping of plots in each site and separation between different sites.
Variation in community composition between sites was subsequently tested for significance using one-way analysis of similarity (ANOSIM). ANOSIM is basically analogous to standard univariate ANOVA, and tests a priori defined groups against random groups in ordinate space. The R ANOSIM statistic values, generated by ANOSIM, are a relative measure of separation of the a priori defined groups. A zero (0) indicates that there is no difference among groups, while one (1) indicates that all samples within groups are more similar to one another than any samples from different groups (Clarke 1993) . The SIMPER routine in PRIMER V.6 was then used to explore the relative contribution of individual species to dissimilarity among deposits. All of these analyses were done using PRIMER v.6 software package (Clarke & Gorley 2005) .
Communities are never static, but dynamics due to the response to internal and external factors (Booth & Swanton 2002) . In the first year following wildfire from pyroclastic eruption, groundcover plant re-colonization on Mount Merapi was rapid. A total of 7,585 individuals and 42 species of herb were recorded in the burnt sites (Kalikuning) ( Table 1 ). In addition, 176 individuals and 17 species of shrub, and 56 individuals and 13 species of tree seedling/sapling were recorded. Overall, 7,817 individuals of undercover plants belonging to 72 species and 36 families was recorded in the 15 plots of Kalikuning.
Based on species richness and abundance data, there were major differences in undercover vegetation composition between the burnt sites and the unburnt site or control site (Table 1 ). The number of herb species and individuals were significantly lower in Kaliurang (31 species and 2,392 individuals). In contrast, the number of tree species and individuals were higher in this unburnt site (30 species and 259 individuals). There was a similar number of shrub species in Kalikuning and Kaliurang, but the number of shrub individuals was significantly higher in Kaliurang.
The 5 most important herb and shrub species in Kalikuning accounted for 47% and 11% of the combined importance value, respectively. With a density of 134,658 individuals per hectare, Borreria occimoides (Rubiaceae) was the most frequent species, and consequently, holding the highest importance value of the undercover vegetation in Kalikuning (Table 2) . Another most important species in this burnt site came from grasses group, such as Brachiaria reptans, Paspalum conjugatum, and Imperata cylindrica. Besides pioneer herbs and grasses, there was also seedling and sapling of woody species that was found. The proportion of the 5 most important tree species in Kalikuning was only 4% of the combined importance value. The configuration of tree species composition found in Kalikuning, for example A. decurrens, Calliandra callothyrsus, Homalanthus populnus, and P. merkusii, was resemble to what Sutomo et al. (2011) found in the succession sites following the 2006 Mount Merapi eruption.
Shrub and tree species in Kaliurang had a higher proportion of the combined importance value compared to in Table 1 Kalikuning) and unburnt site (Kaliurang)
Results and Discussion
Number of individuals and species of herb, shrub, and tree seedling/sapling of undercover plants in the burnt site Kalikuning, accounted for 24% and 14%, respectively. Eupatorium riparium (Asteraceae), an invasive species, was the most important shrub species in both Kaliurang and Kalikuning (Table 2) . Two pteridophyte species, Athyrium dilatatum (Polypodiaceae) and Selaginella doederleinii (Selaginellaceae), were the top 2 herb species with the highest IVIs in Kaliurang, due to the highest number and frequency of individuals. The 10 most important families made up 89% of the combined importance value in Kalikuning, and 70% of the total in Kaliurang. Asteraceae was the most species-rich family in both Kalikuning and Kaliurang (Table 3) . However, in Kalikuning, Rubiaceae was the most important family with the highest FIV, due to its highest density. Poaceae was the second most important family in Kalikuning. Two fern families, Polypodiaceae and Selaginellaceae, were found in the top 5 most important families in Kaliurang. With respect to FIV, Rubiaceae, Asteraceae, Poaceae, and Euphorbiaceae were the families found in the top 10 in both Kalikuning and Kaliurang.
The composition differences of undercover plant species between the burnt and unburnt site is presumably due to their Table 2 Density, frequency, and importance value index (IVI) of the top 5 important herb, shrub, and tree species in the burnt site (Kalikuning) and unburnt site (Kaliurang) different responses to abiotic factors such as differential light levels, nutrient availability, water availability, wind and temperature (Marquis et al. 1986; Denslow 1987; Laska 1997; Svenning 2000; Siebert 2002 ). The abundance and diversity of understory plants are also influenced by biotic factors. For example, birds, mammals, and bats are known to be important dispersers of pioneer and forest climax tree species, shrub, herb, and epiphytic species (GalindoGonzales et al. 2000; Siebert 2002 ). In the present study, herbs showed highest species richness and abundance in the open, burnt site, which is in accordance with the findings of Siebert (2002) . The higher light levels and more open canopy in this land use type may explain the observations. Ordination analysis on sampling sites based on species abundance data revealed that sampling points are distinctly separated between Kalikuning and Kaliurang (Figure 2 ). This phenomenon suggested that species composition and abundance are significantly different between these sites as tested by ANOSIM (R = 0.72). From the result we can ANOSIM also seen that the variation (within group dissimilarities) among sampling points in the control site is much larger than in the burnt site as showed by the more scattered patterns of the sampling points in the control site when compared to the burnt site where the sampling points are more clumped together. This phenomenon suggest that the control site is more developed than the burnt site where it is assumed that environmental condition in burnt site is quite similar each other following the pyroclastic flows whereas the control site has developed more varied niche. This finding agree with the findings of the configuration of NMDS ordination of burnt sites in Fraser Island dune sites Australia where sites with low frequency of fire are clearly separated with the high fire frequency and that site of low fire frequency has more plots variation than the high fire frequency site (Spencer & Gregory 2006) . Clear separation between Kalikuning and Kaliurang also suggests that the burnt and the control sites may have different environmental condition ignite different species to occupy, as will be exhibit from the result of the following SIMPER analysis. Species that contributed most to the dissimilarity among sites was identified using SIMPER analysis (Table 4) . SIMPER result revealed that the burnt site is mainly characterized by species such as B. occimoides, Paspalum conjugatum, Brachiaria reptans, Polygala paniculata, Cynodon dactylon, and I. cylindrica whereas the control site is characterized by species such as E. riparium, A. dilatatum, and S. doederleinii. Interesting points to note is that some species are strictly only occur in burnt site or in the control site. However, there are also species that occur on both sites but with different portion of abundance. These species either present at high abundance on one site and low abundance on the other site (B. occimoides, E. riparium, B. reptans, P. paniculata) but also there is species that present at almost equal abundance on both sites (C. dactylon).
Native pioneer species such as I. cylindrica appear only in the burnt site and absent in the control or unburnt site. This indicates that I. cylindrica is intolerant to shading and therefore it was present abundantly in the open space of the burnt site. In contrast, exotic pioneer such as E. riparium present in the two sites but with different abundance. E. Av. diss abbreviation refers to the average dissimilarity which is the average contribution for each species to the overall dissimilarity between groups. Diss/SD is the ratio of average dissimilarity with the standard deviation which indicates how consistent that a species contributes to dissimilarity among deposits. Cumulative contribution is the contribution of each species to the dissimilarity between the groups. riparium had higher abundance in the unburnt site suggesting that this species is tolerant to shading. E. riparium is an obnoxious weed that has become a problem elsewhere in the world (Kushwaha et al. 1981; Epp 1987; Kunwar 2003) . This invasive species has the essential elements to establish and become wide spread and it has been identified in the succession sites following slash and burn agriculture in India (Kushwaha et al. 1981) .
There are many quantitative and qualitative effects of disturbance to plant dynamics and these can have equally local and far reaching effects to the ecosystem (Spencer & Gregory 2006) . Severe disturbances have been an important component of tropical rain forest dynamics but comprehensive assessments of such events are inadequate (Whitmore 1991) . Natural disturbances such as volcanic eruptions, hurricanes, and wildfires can catastrophically change the ecosystem over a short time scale (Scheffer et al. 2001) . However, despite the fact that wildfires from pyroclastic flows can have a large impact on plant communities, it has received scant attention (Marti & Ernst 2005) . Understanding the dynamics of forest ecosystems during succession and how they interact with disturbances will be an important component of forest ecosystem conservation and restoration practices (Hobbs et al. 2007; Swamy et al. 2000) .
The observation of undercover plant establishment pattern in primary succession on Mount Merapi revealed that there was a rapid colonization by vascular plants on the area that was affected by 2010 pyroclastic flows, with 72 species belonging to 36 families recorded. Species abundance and composition in Mount Merapi were significantly different between the burnt site and the intact site. The areas that was burnt by pyroclastic flows were dominated by herb and grass species such as B. occimoides, B. reptans, P. conjugatum, and I. cylindrica, whereas the unburnt site was dominated by shrub and fern species such as E. riparium, A. dilatatum, and S. doederleinii. This result could have important value for restoration programs, which could concentrate on re-planting subsequent species that have positive association with these native pioneer species.
